Abstract. Three cases of isolated avulsion fracture of the lesser tuberosity are described together with a review of six previously reported cases. Of the total cases, six had a well-documented m o d e of injury, in which a strong a b d u c t i n g force was applied to the medial aspect of the upper arm, causing exaggerated a b d u c t i o n a n d external rotation. The contracting subscapularis muscle displaces the avulsed b o n y insertion to a position below the glenoid to give a characteristic appearance on the radiograph. This appearance should n o t be confused with calcific tendonitis. The lesion m a y w a r r a n t surgical intervention which has been successful in half the cases.
Isolated avulsion of the lesser tuberosity of the h u m e r u s is a rare fracture which has not previously been described in the radiological literature. This paper reports three such cases a n d reviews six cases previously described. Of the total of nine cases, six share a similar precipitating stress to the shoulder with application of a strong force to the a r m when it is in a position of external r o t a t i o n a n d abduction.
which was misinterpretcd as calcific tcndonitis in the long head of triceps (Fig. 1) .
He was treated by physiotherapy, but with no significant improvement and 3 months after the injury, he was referred to an orthopaedic surgeon. Examination of his shoulder at this time revealed pain anteriorly on abduction and adduction movements against resistance. Further radiographs at this time confirmed the presence of a bony fragment in the region of the infcrior margin of the glenoid. Exploration of the shoulder via an anterior approach revealed a complete avulsion of the subscapularis tendon from its humeral attachment with a small bony fragment lying within the scar tissue. The muscle together with the bony fragment had retracted to the margin of the glenoid. The anterior capsule of the shoulder was also ruptured. The avulsed muscle was advanced to the humeral attachment and sutured in position.
One year later the patient was still complaining of pain and his shoulder was subluxating anteriorly. He was re-explored. The fragment was found to have detached and was lying near the glenoid. The anterior capsule was lax. The fragment was excised and the shoulder capsule was repaired. When last seen the patient was still complaining of significant disability which prevented him from working.
Case reports

Case 1
WC, a 34-year-old truck driver slipped whilst standing on the back of his vehicle. In falling to the ground his left arm was forcibly abducted and externally rotated when it came in contact with the upright side of the truck tray. He experienced immediate acute pain in the shoulder anteriorly. Radiographs at that time revealed a rounded fragment beneath the inferior margin of the glenoid Address reprint requests to: John Earwaker, F.R.A.C.R., Department of Radiology, Holy Spirit IIospital, Brisbane, Australia At follow up 9 months later, the patient had regained a normal range of movement and was playing golf. Radiographs at this time showed reposition of a remnant of the insertion of the subscapularis tendon. EC, a 54-year-old woman was descending a spiral staircase holding onto the rail with her left hand when she missed a step and lost her footing. Her left arm, already partially abducted, was forcibly subjected to further abduction and external rotation by the hand rail applied to the medial aspect of her upper arm. She felt a sharp painful snap in the shoulder.
Radiographs at the time demonstrated, immediately below the glenoid, an oval fragmented opacity which was misinterpreted as calcification in the long head of triceps (Fig. 2) . The patient was treated conservatively in a sling and when her condition failed to improve after 3 months she was referred to an orthopaedic surgeon.
Further radiographs at this time showed the bony fragment to be lying anteriorly and inferiorly to the glenoid. Tomography demonstrated another more lateral fragment and a defect in the region of the lesser tuberosity (Fig. 3) . Exploration of the shoulder through a deltoid-pectoral approach revealed an incomplete tear of the subscapularis tendon. The retracted portion contained a
Case 3
JW, a 63-year-old hemiplegic pedestrian who was knocked over by a car, sustained a fracture to the right lower humerus and complained of pain in his right shoulder. Radiographs revealed a bony fragment beneath the glenoid (Fig. 4) . As this fracture was on the side of the already paralysed limb the patient was treated conservatively.
Review of the literature
The first m e n t i o n of separation of the lesser tuberosity of the h u m e r u s was m a d e in a letter to the Editor of the New York Medical Journal in 1895 by H a r t i g a n [6] . This injury was associated with a fracture of the shaft of the h u m e r u s in a boy who had fallen from the roof of a barn.
Isolated fracture of the lesser tuberosity of the humerus was first described in 1900 by Lorenz [8] . In his case the patient's a r m was in a position of 90 ~ a b d u c t i o n and external r o t a t i o n during an evasive m o v e m e n t to parry the force of an anticipated blow from a falling iron column. The blow caused a forced o u t w a r d rotation of the a r m a n d was a c c o m p a n i e d by an audible crack and severe pain in the shoulder. The patient was treated conservatively with subsequent significant disability.
The first detailed account in the English literature was given by Stangl [12] . In this instance, the patient's a r m was in a similar position to that of the previous patient at the time of a forceful impact on a cement floor, incurred during a 10 foot fall down an elevator shaft. This injury was also accompanied by an audible crack and severe pain in the shoulder. The stereo-roentgenograms performed showed the avulsed lesser tuberosity lying in close relationship to the inferior aspect of the glenoid. Surgery was performed a month after failed conservative treatment and the lesser tuberosity fragment removed. No mention was made of whether the muscle was repaired and the patient had a 15% disability.
McGuinness reported a case of a patient who avulsed her subscapularis insertion with an audible crack whilst undergoing electroconvulsive therapy for schizophrenia [9] . Radiographs showed a bony fragment below the glenoid. The subscapularis muscle was subsequently repaired surgically.
In subsequent case reports by Andreasen [1] and Haas [5] the arm of the patient was in the same position of abduction and external rotation at the time of trauma. In the former instance this occurred when the patient slipped whilst dismounting a horse and tried to save herself by retaining a grip on the saddle post. In the latter instance the patient fell down a staircase. Radiographs in both cases revealed a fragment of bone below the glenoid. The clinical outcome was successful in both instances with restoration of full range of movement, There was no specific traumatic insult in the case of a gymnast reported by La Briola and Mohaghegh Calcific tendonitis in the tendon of subscapularis best profiled in the axial projection [7] . The "opacity" seen in the region of the lesser tuberosity was interpreted as calcific tendonitis. At operation a bone fragment was removed but no mention of muscle repair was made. Postoperatively, a full recovery was achieved.
Discussion
The relevant facts of the nine cases are summarised in Table 1 . In six of the cases the patient's arm was forcibly abducted and externally rotated with sudden contraction of the subscapularis and avulsion of the lesser tuberosity. The position of the arm at the time of injury was similar to that of a waiter carrying a food tray. The position of the arm in the patient undergoing convulsive therapy is not referred to. The subscapularis muscle arises from the anterior aspect of the body of the scapula and inserts into the lesser tuberosity (Fig. 5) . With the arm in a position of 90 ~ abduction, the muscle is "relaxed". Further forced abduction and external rotation of the humerus, together with contraction of the muscle iia the opposite direction (downwards and medially) combine to avulse the bony insertion in the lesser tuberosity.
The radiological appearances of the lesion were identical in all cases with the avulsed bony fragment lying below the glenoid. In three of the cases the abnormality was misinterpreted as calcific tendonitis: one in the rotator cuff and two of the cases in this report as being in the long head of triceps. Calcification in the long head of triceps is uncommon and usually is seen as a small focus just below the inferior margin of the glenoid (Fig. 6 ). In these cases the fragment was quite large and careful inspection of the film revealed bony The subscapularis tendon is an uncommon site for calcific tendonitis which is best profiled in the axial projection (Fig. 7) . This was the appearance described on the radiograph in the case reported by La Briola and Mohaghegh [7] , although at subsequent surgery no calcific plaque was found and a "detached" bony fragment was removed. Calcification within the tendon may also occur as a result of direct trauma and this is also best profiled in the axial projection.
Fractures of the proximal humerus are common and many large series have been described in the literature. In 1970 Neer published a classification of displaced proximal humeral fractures based on a series of 300 cases [11] . The head and neck of the humerus were subdivided into four anatomical segments (Fig. 5) . Group 5 of Neer's classification includes fractures of the lesser tuberosity (segment 2) which usually occur in association with fractures involving 2 or 3 segments or fracture dislocations (Fig. 8 ). This may have in fact been the case in Hartigan's original observation in 1895 [6] . Avulsion of the lesser tuberosity may be associated with posterior dislocation (Fig. 9) or with anterior dislocation. In both instances the avulsed lesser tuberosity may come to lie in relation to the lower margin of the glenoid. In the case of anterior dislocation the fragment should be differentiated from an avulsed glenoid labrum.
Although isolated avulsion of the lesser tuberosity is included in the Neer classification, no specific example is given. It is not mentioned in the large series reported by Einarsson [4] , De Palma [3] , Clifford [2] , or Mills and Horne [10] . Andreasen in his case report [1] describes it as his only case in an experience of 25 000 fractures.
Fractures of the proximal end of the humerus are usually managed without operation, particularly those with minimal displacement. Most two segment displacements can also be adequately treated by closed means; however, those fractures with marked anatomical distortion may be better treated by operation.
Isolated avulsion fractures of the lesser tuberosity could fall into this category. The clinical outcome of these patients therefore is interesting to note. Of the six patients who had surgical correction, three had no significant disability whilst one patient treated conservatively also had a successful outcome.
